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§42. Magnetic Diagnostics in Large Helical 
Device 
Sakakibara, S.,Yamada, H., Yamazaki, K. 
Measurement systems for magnetic flux and 
magnetic field are being developed in the Large 
Helical Device (LHD). Since magnetic diagnostics 
outside the vacuum vessel are fixed on the 
cryogenic structure for the superconducting 
magnetic field coils, the temperature must be kept 
at 4K and sufficient thermal insulation is required. 
On the other hand, first walls and diverter plates 
restrict the available space for magnetic loops 
inside the vacuum vessel and high heat load should 
be considered, especially, in steady state operation 
with heating power of 3 MW. Rogowski coils, 
one-turn loops, diamagnetic loops, magnetic 
probes, hall probes and saddle loops are planned 
to be installed. Two and three pairs of one-turn 
loops are located inside and outside vacuum 
vessel, respectively. Each of these loops is 
composed of four holmal wire and the vertical and 
horizontal magnetic flux is measured with the 
combination. These loops are also installed 
outside vacuum vessel. Two type magnetic probes 
(with low and high frequency response) and hall 
probes are installed inside vacuum vessel. The 
frequency response of magnetic probes is more 
than 50 kHz, which is several times as high as the 
diamagnetic drift frequency, to observe magnetic 
fluctuations and to measure local magnetic field. 
The other one has a frequency response of more 
than 500 kHz to observe global high frequency 
modes such as T AE modes. Rogowski coils and 
the segmented coils are prepared to measure net 
toroidal currents and the current profile, 
respectively. 
Sgnals from magnetic probes (hall probes), 
diamagnetic loops and saddle loops and due to 
local currents are estimated using the 3-D magnetic 
field analysis code DIAGNOl). This code uses 
converged finite-/) equilibria constructed by the 
3-D equilibrium code VMEC and can calculates the 
magnetic field and the vector potential due to local 
currents alone in vacuum region using surface 
potential method2). All of the calculation have been 
performed on CHS. Figure 1 shows the poloidal, 
toroidal and normal component, 8B 8 , 8B 1, 8B 11 , of 
magnetic field due to net local currents, 
respectively, at poloidal cross section in 
currentless plasmas with <{3> = 2.2o/o. The profile 
of 8B 8 and 8B 11 in the poloidal direction has 
approximately the structure of cosine and sine 
wave, respectively. These results are consistent 
with the magnetic field of a dipole due to 
Pirsch-Schluter currents. The pressure profile is 
assumed asP= P0 (1-111)2, where llfis the toroidal 
flux function which is normalized by the value of 
LCFS. The ratio of 8B 8 to poloidal field due to 
external currents B 8 on the vacuum vessel is 
roughly 10-2• If the power index of the profile 
changes from 1 to 3, the maximum value of the 
8B 8 on the vacuun1 vessel increases by 45%. 
In real plasmas, the poloidal field is greatly 
affected by net toroidal currents including beam 
driven currents and bootstrap currents. The effect 
of the increase in net toroidal currents on poloidal 
and normal field structure is small because toroidal 
currents in heliotron configuration are much 
smaller than that in tokamaks and the currents 
uniformly give poloidal field to each probe 
position. This suggests that the information on 
<::;.{3> and the pressure profile is obtained by 
measuring the local magnetic field, in particular, 
poloidal and normal component profile if net 
toroidal currents and the current profile are 
sensitively measured. Thus, these calculation are 
suitable for the optimization of set up of magnetic 
(hall) probes on complex structure of vacuum 
vessel in LHD. 
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Fig.1 Poloidal, toroidal and normal component, 
8B 8 , 8B 1, 8B 11 , of magnetic field due to net 
local currents in plasmas with <{3> = 2.2%. 
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